Plants show two principal responses to gravity: one is gravimorphogenesis and the other is gravity resistance. Gravitropism is a typical response of gravimorphogenesis, which enables the plant to orient their photosynthetic leaves to sunlight and to develop a root system for anchoring and absorbing water and minerals. Gravity resistance is a response that enables the plant to resist the gravitational force by developing a tough body. Plants increase the rigidity of their body locally in gravimorphogenesis and entirely in gravity resistance. The cell wall provides the protoplasts with the structural rigidity and is the major source of mechanical strength of a plant body. Thus, the cell wall plays an important role in both gravity responses, as do the bones and muscles in an animal body.
Plant cell walls consist of fibrillar cellulose, a variety of matrix polysaccharides, structural proteins, and phenolic substances such as lignin. These cell wall constituents are differently involved in determining the rigidity of the cell wall in gravity responses, depending on the level, structure, and interactions with other constituents. Functions of the cell wall in gravity responses are sustained by various constituents of the plasma membrane including arabinogalactan-proteins, and the cytoskeleton such as microtubules. Also, a great number of cell wall-related genes are involved in gravity responses, via regulation of the metabolism of cell wall constituents.
Hypergravity produced by centrifugation has been used to clarify the mechanism of gravity responses, in particular that of gravity resistance. The study with hypergravity has unveiled the fundamental roles of the cell wall in gravity responses. However, it is uncertain whether the knowledge obtained is applicable to responses of plants to 1 G gravity, as to those to hypergravity. To clarify this point, space experiments using plant materials have been carried out or are now underway (Table 1) Space, Vol.23 No.3, 113, 2009 Special Issue: Gravity Responses and The Cell Wall in Plants
